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TITLE: The Method of Quasi-Normal Coordinates in the Optics of 
Crystals (Metod kvazinormal'nykh koordinat v optixe 
kristallov) 


PERIODICAL: Izvestiya Akademii nauk SSSR. Seriya fizichepkaya, 
1958, Vol 22, Nr 11, pp 1308 - 1311(USSR) 


ABSTRACT: The present paper deals with the general principles 

of the method of quasi-normal coordinates and its 
application to ion crystals with a space lattice of the 
NaCl type. At present, 2 approximations are being wed 
in the theory of crystal lattice vibration: approxin tion 
of point atoms (ions) (Ref 4), and of dipoles (Refs 3,5). 
In the point approximation the state of the crystal. 
particles is described by means of their shifting uf 


a 


(€ - number of the elementary cell, s - number of the 
p...ticle contained therein). In the more accurate dipole- 
apyroxination the dipole-moments are considered in 
addition to the above mentioned variables. These dipole- 
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moments are caused by the defor-ation of the electron 
shell. This nethod is based on the idea of selecting 

the coefficients ceg in such a way that the coordinutes 

Q* thus obtained de: cribe both the light waves and t-e 
vibrations of other than of luminous character. In 

this case H', which already furnishes the relation of 
individual Q-vibrations in nermonic approxi:nation, 

will describe the single-phonon light absorption in 
qualitative harmony with the results of tne forced 
oscillations method. A concrete selection of c naturally 
depends on the type of crystal. It can, however, also be 
done in accordance with some general requirements resulting 
from the observation of the inner electric field. In the 
case of an ion crystal, when taking into account of 

the polarization of the particles results only in 
quantitative corrections, but does not influence tne 
qualitative charccter of te spectrum (Refs 3,5). 

The vibrrtion spectrum conrists of 6 branches: 3 acoustic, 
1 longitudinal, and 4 transverse optical branches. of 
these the transverse opticel branches are important in 
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of Crystals 


connection with the spreading of light. In the case 

of an ion crystal, H' differs fron zero alre:.dy in 

the zero-th approximation of k. In the above nentiored 
approximation, frequencies relating to 2 difverent 
polarizations are in agreement. Accordingly, all 
results agree. Zero solutions are not to be taken 


into account, They result in normal initial vibrations so 
that: 


Bia? 24 
Fe a oo. (20 
nj (n5 - 1) n5 (nj - 1) 
~ 
(22) and (6) Cae (k)J* = 1, determine C1, 24! 


so that, in rinciple, the introduction of quasi-nornal 


coordinates is completed. There are 5 references, 4 of 
whicn are Soviet, 


ASSOCIATION: Kiyevskiy politekhnicneskiy institut (Kiyev Polytechnical 
Card 3/4 Institute) 
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fhe Normal Coordinates of a Crystal LatticeWith Allowance 
For Interaction Lag (Normal 'nyye koordinaty k-istallicheskoy 
reshetki pri uchete zapazdyvaniya vzaimodeystviya) 


PERIODICAL: Doklady Akademii nauk SSSR, 1958, Vol. 121, Nr 2. 
pp» 247 - 249 (USSR) 


ABSTRACT: For the theoretical investigation of a number of properties 
of crystals it becomes necessary to introduce normal coordinates. 
An elementary solution of this problem can be found for purely 
mechanical oscillations without consideration of the inter- 
action lag. In the following the author demonstrates the 
introduction of normal coordinates in the general case for 
a crystal lattice in dipole approximation. Starting from the 
equation of motion (disregarding the inertia of the dipole 
moments) and the expressions for 


ue ana BE, the author sets up the amplitude equ.tion ( for 


Card 1/3 plane monochromatic waves); furthermore the equations for 
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Ez as well as for E(x, t), E. me and A are given as 


functions of q aK, t). The pes 


Es Ss [a a) 4°(2) 2 a3 atk) * A'(k)] is obtained for 


the energy of the iateives The wosation of motion is 


SK) ew 2 (Ka (K} = 0 with p af) = (Kc) and $2(R) = a%(k). 


nivvesaions for 40°, H are also given. e denotation is 
the usual one ; -atom displacement, B ~ the dipole 


moment caused by eh deformation of the electron shell; 
the index serves for numbering the unit cells, and e@ for 
the atoms or ions, respectively; Ge electric field intensity 


in the lattice point with the coordinates FE, The asterisk 


denotes the conjugated complex quantities which are obtained 
by replacing .& by (-&). Thus for example there holds 
Card 2/3 aa(.2) » §0(k}. There are 3 references, 1 of which is Soviet. 
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PRESENTED: April,8, 1958, by N.N.Bogolyubov, Member, Academy of Sciences, 
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SUBMITTED : April 7, 1958 
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AUTHOR: SOV /56-36-1-16/62 


__Meshkevioh, V- 3: 
TITLE: The Electrical, Optical, and Elastic Properties of the 
Crystals of the Type of a Diamond (Elektricheakiye, 
opticheskiye i uprugiye svoystva kristallov tipa almaza) 
III. Dispersion and Absorption of Light (III. Dispersiya 
i pogloshcheniye sveta) 


PERIODICAL: Zhurnal ekeperimental'noy i teoreticheskoy fiziki, 1959, 
Vol 36, Nr 1, pp 108-115 (USSR) 


ABSTRACT: The author develops a quantitative theory for the lattice 
vibrations of a homeopolar crystal. Four parts of the present 
paper deal with dispersion and double refraction far from the 
singular point, with the quasinormal coordinates, with 
dispersion and double refraction in the neighborhood of the 
singular point, and with the absorption of light. In the 
fifth part, the parameters of the theory and the numerical 
results are given. The following conclusions can be drawn 
fron the considerations discussed in the present papers 
1) The theory confirms the presence of dispersion and double 
refraction, which are caused by the vibrations of the atoms 
in the crystal. Both effects have their maximum intensity 
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the Crystals of the Type of a Diamond. III. Dispersion 
and Absorption of Light 


ASSOCIATION: 


SUBMITTED s 


in the neighbourhood of the extreme frequency of the 

optical vibrations where the difference of the refraction 
indices for the 2 polarizations amounts to 10-*, 2) & crystal 
of the diamond type has 7 axes, and the directions 

of the optic axes coincide with the directions of the edges 
and diagonals of the lattice cube. The theory asserts a 
one-phonon absorption of light with the extreme frequency 

of the optic vibrations and further gives the dependence 
absorption on the propagation direction and on the polariza‘ 
of light. 4) An experimental verification of these results 

of the theory would be very advantageous, for it would permi: 
comparison with experimental results of that part of the 
theory which concerns the optical properties. There are 1 table 
and 8 references, 6 of which are Soviet. 


Kiyevskiy politekhnicheskiy institut (Kiyev Polytechnic Institute) 


May 16, 1958 
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SOV/56-36-6-17/66 
Mashkevich, V. S. 
een a8 ee 
Electrical, Optical, and Elastic Properties of Crystals of 
the Diamond Type (Elektricheskiye, opticheskiye 4 uprugiye 
svoyatva kristallov tipa almaza). IV. Interaction Between 
the Conductivity Electron and Lattice Vibrations (IV. Vzai- 
modeystviye elektrona provodimosti s kolebaniyami reshetki) 


Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1959, 
Vol 36, Nr 6, pp 1736 - 1742 (USSR) 


The interaction between an electron and the lattice vibrations 
of an ion crystal may be dealt with already in point ion 
approximation if the polarization connected with the vibra- 
tions is taken into account. In the case of a homeopolar 
crystal no polarization occurs in this approxination. This 
makes it possible to operete either with Bloch- or with de- 
formation potentials. The author of the present. paper, by 
taking the atomic dipole moments iato account, develops a 
quantitative theory of interaction between electron and 
lattice vibrations, and, by using this theory, investigates 
the problem of the existence of polarons in homeopolar crystals 
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and calculates the mobility of the conductivity electron. 

Por the purpose of simplifying calculations, the complexity 

of isoenergetic surfaces in the conductivity zone is not 

taken into account and the simplest model of spherically 
symmetric surfaces with the center at point = O is used. 
With respect to the problem of the existence of large radius 
polarons the author arrives at the same conclusion as Deygen 
and Peker, namely that the zonal state of the electron is 
stable (or metastable) and that polarons with a large radius 

do not exist. The interaction between electron and lattice 
vibrations is investigated by means of the perturbation theory. 
The results concerning electron mobility and its temperature 
dependence are compared with theexperimental results obtained 
py other authors, viz. for diamonds (Table 1) and germanium 
(Table 2). Table 3 shows the experimentally determined electron 
mobility at 300°K and the effective masses for diamonds, si- 
licon, and germanium calculated herefrom by means of the 
equation (22) of this paper. & comparison with the experiments 
Cara 2/3 shows that the theory leads to satisfactory results. The 
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Dipole Approximation in the Micro-theory of §/181 /60/002/010/045/051 
Crystals. I. Lattice Vibrations Taking in BO19 /B056 

Consideration the Blectron Dispersion 

approximation, after which the delayed interaction of the lattice vibra- 
tions with the electromagnetic field characterised by the vector poten- 


tial i is investigated. Por the perturbation operator a in the Hamil- 


tonian of the system the expression fit - A+ exp(-iut) + £exp(iwt) (9) 
is obtained. With the aid of +?) for the wave function the expression 


y = v'*)exp|-ie, + a) t] + Vv) exp|-i(s, - wt] (11) is obtained, where 


v(+) => (n}n*)| opp /k (o, -O% + ). Moreover, from the “equations of 
n 


motion" of the electron dipole moments and the equation of motion of the 
centers of mase of the “sub-cells", the amplitude equaticns are derived. 
Finally, several properties of the coefficients of the two amplitude 
equations are discussed. The results given here represent a generaliza- 
tion of the theory developed by Tolpygo in the following respects: 

No assuaptions are made about the existence of the potential energy. 
2) The electron dispersion is taken into account. 3) The difference 
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AUTHOR: Mashkevich, V- Ss. 7 
TITLE: Electromegretts Vaves ‘te a Mediums With 6 Continuous Energy - 


Spectrua, x 


PERIODICAL: zhurnel ekeperimental' noy 4 teoreticheskoy fisiki, 1960, 
Yol. 38, Ho- 3, PP: 906-911 


TEXT: In the case of spatial dispersion it is possible to consider 
polarisability to be a factor of proportionality between polarization 
vector and field strength. The effect of spatial dispersion was studied 
by Pekar (Ref. 1) for the exciton state. In the article under review, the 
author studies certain currentless states and approaches the dependence 

of the polarisation vector on the field strength by using the perturbatic. 
theory. He uses a wodification of the Weisskopf-Wigner pethod sisilar to 
that employed by Born et al. (Ref. 2). The Heniltonian of this system is 


set up as the sus of the unperturbed Beniltonien H° of the dissipative 
perturbation it and the electromagnetic perturbation @'. The wave function 


Card 1/2 


APPROVED FOR RELEASE: 07/12/2001 


CIA-RDP86-00513R001032710020-5" 


ee 


CIA-RDP86- adil e eh ea _ 


by PPROVED FOR RELEASE: ali ce ot 
A eee 


82423 
Electromagnetic Waves in a Mediun With a 3400 4007 038/03/22/033 
Continuous Energy Spectrua. I BO006/B014 


of the System is si 
between @lectrons and 


« It is aseumed that when t=O the 
system is in the ground state, and that the 
dissipation of the vario 


negligible. fi' . BC+) rote) + Bexp(sot) » and the Corresponding 
of the wave function y 


Can be written down. Next, 
dependence of Polarisation on the @lectric field, 


relations. In conclusion, he studies the 
dispersion relations for the so-called kernel of POlarizability, and die- 


cusses the eolutions of the Maxwel) quations. There are 4 Soviet refer- 


ASSOCIATION, Kiyevakiy politekhnicheskiy institut (Kiyey Polytechnic 
Institute) 
pio Sie. aati bute 


SUBMITTED; September 3, 1959 oe 


Card 2/2 


- RO001032710020-5" 
OVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513 
APPR 


"APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86- motores t ees? s00e0: 5 


oe EG ERE GSMS TNE SEG SSP Rr ESET MSRE SRA WER SIS A FBS ra ta err baa ae Wo olen AB ee 


BAKRADZE, R.V.; MASHKEVICH, V.S. 


P-approximation in the theory of a diamond-type crystal lattice. Isv. 
vys.ucheb.sav.; fis. no.l:3540 ‘61, (MIRA 14:7) 


1. Kiyevskiy politekhnicheskiy institut. 
(Dipole moments ) (Crystal lattices) 


APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R001032710020-5" 


"APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R001032710020-5 


UES PINE Pie BE As wt 


a Wcihsy Tah pasees 
7 EASE Re Bie SEE DIS RETESET = 


; , 25200 a. 
“ae ? ery ae /040/006/021/031 a 
(4, Me 3) B108/B209 . eu 


Mashkevich, V. 8. 
at Sc 


Electromagnetic waves in a medium with'a continuous energy 
Spectrum. II 


PERIODICAL: Zhurnal eksperimental'noy 4 teoreticheskoy fizikiy v. 40, ~ 
. no. 6, 1961, 1803 - 1811 : 


TEXT: In a previous paper (Ref. 1; ZhETF, 38, 906, 1960), the author has 
|; @erived equations for a electromagnetic field in & non-conducting medium 
‘with spatial dispersion. The results are now applied to exciton states of a 


/ Crystal. Calculations are made on the basis of the integro-differential 
{ equation 


| ABD (A) + 182 (0) + dar] Kdy (r, °) 8) (er) dr’ = 0, () 


! 


’ Bh (r) = — 4n| K3y(r, t’) Bh (r’) de’, (2) ee 


which 
Cara 1 
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Electromagnetic waves in & «++ B108/B209 i ; 
the selection of the exciton wave functions; as the latter, the author used _ * | 
thosé of S. I. Pekar (Refs. 2,3: ZhETF, 33, 1022, 1957; ZhETF, 34, 1176, as 
9958). In Eae (1), f = of /0* the polarizability'kernel is given by 
. fn oan 
Key (", °) = Kay (t, 0) + Kiy(t, 7) = a io t 
(3) 15 -- +f 
1 yf OLGe le) | aya} Gy (10) (a1 Oy (710) 1 Oy ("In 
=a Nie, —E [ x v as g G(r’) 1A) Su 
he dK ? a Eo— hw — it, (w) E, — Fe + hw + ie,(—@) |’ 3; j | 
div, Kp (f, r’) = 0, rot, K} (r, r’) = 0. ; (4) ) a 
; 50 - 


where Eo 4s the ground-state energy and E that of the excited state; é, is 


2 

: related to the lifetime of the state as usual; G(r) is the operator of the tas 
‘ electric moment per unit volume; the operator "rot" indicates “curl”. For HPS 
- waves in an infinite crystal, Eq. (3) 18 tranaformed into Ce 
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1 Key (t.) = Key (e+ Key (ee), (5) 
Kiy(t. 0) = gangs DYE? (ks a) x 
x Das, (b, b’, k, k, a) exp (F ik (r— rr’) F i2n (br —b’r’)] dk; . (6) 
be’ 


E (k, aj— Ey 


(k, a) = de'(k, a, F@) — Eo 


P*(k,a) = F 


gi (bd, b’, kk’, a) = gi.(b, k, a) By (DY, ka), B= 8 


with the exciton quasi-momentun i and the vector * of the reciprocal Leteiés; 
Taking into account that the generatrix of k in (6) cannot be analytic at 
the point k = 0, one may rewrite Eq. (1) in the form ? 

c 
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ABS (0) + 1Bby BUH) + Any aby (F. €) Bp (r) de’ = 0. (7) 
an a 
Py = bey + S5-[2E"(-a —al Se a) gt (0. 0,(— al 5) — alge )+ 


+ Dr (—ai Za) re (0. 0, —aid,(—a' 3) .2)h,,,. 


(8) 


The primed sum in (8) indicates that bys containing a pinsuvarity are 
neglected. The wave function One [ry = -? 3) is used for the case of 
a wave passing through a es plate of a cubic crystal. tets the — 
wave euro tipr of the infinite crystal. ' 

> acs 


‘2 = ke. = etv/(n +1 
Ry es Kh, = ky -TV/(N + 1), 


Vim Vyeccey NS are the parallel surfaces of the plate, N the number of 
Card 4/7 


2 
»> 
34.2 


APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R001032710020-5" 


Repetiibinbele FOR RELEASE: 07/12/2001 CIA-RDP86- po tenoe tees? 10020: > 


atte Le SARS ER: SRS siatabet eS ee i SEIS ACE SEERA sti Se SR eae wie eee ASA PR SOE ER 


25200 
Oe 


Electromagnetic waves in a.... B108/B209 


unit cells across the thickness 1 of the plate. When the z-axis is per- 
pendicular to the surfaces of the plate, the integral ‘kernel has the form 
hy 
1 Lt t ; 
Kiv(e.Y) = gems [EF ck, a) Si exp (F i Ueabez + 
a he ay bb 
thee (XX) = hy Y —Y') + adn + fed) (2 — 2) + Oe (br —b'r 
x (ge, (b. bY, k, k, a) exp ( ikybge2’) — 
— giy (b, b’, k, k, a) exp (F ikgbg22')| dks dk,. (13) 


where ky = Tn/(w + 1). In this GARE the equation of the field is given by 


£6 , 
Fe 4 9 8 (2) +E Eee, b, 6’, a) 8 (2’) dz’ = 0. (14) 
a 06’0 
provided &(z) lies in the y-direction. The ,sum over & concerns, transverse 


excitons only, » = nb, 2 (FR « integer nunber), o/ ae “78s , 2 AT gh 21 /f ws, 
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an 
x (2,2, 0,0", a) = exp (i2n (bz —'z’)] by Ty (k, @) go (6..k, a) x - 
Reese 


x exp (ikz) [gp (0". k. a) exp (— ikz’) — gs (b’.— R, a) exp (ikz’ y}, (15) 


*Y 
where f (v,k) = (nb ro) , f «yg. The solution of Eq. 
° 3 k = 0 
7 
the form 


8 (2) = Se, exp ((%,2), (16) 


. where X, are the roots of the equation 


‘ 


gt et Di ge (0, 0,%, #7, a) Po (a) = 9. 
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Finally, the absorption of an electromagnetic wave with spatial dispersion 
is investigated, leading to Re. term 


Wr= —2iw \ Rey (1, 7°) BE (1) BL-(r') Oe ar’. 


where Re - is the anti-Hermitean part of the kernel Kyryrs There are - 


7 Soviet-bloc references. 
ASSOCIATION: Kiyevskiy politekhnicheskiy fnetitut (Kiyev Ce ae 
Institute) 


SUBMITTED: January 11, 1961 
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BROUDE, V. A., MASHKEVICH, VS. PRIKHOT'KO, A. Fa PROKOPYUK, N. F. , SOSKIN, M.S. 


"Induced radiation in noleeular crystals." 


A four-level scheme for a quantum generator was discussed. It was shown 
that optical properties of molecular crystals provide a basis for the reali- 


gation of a quantum generator. 


(Molecular 


The report presented to the llth Conference on Luminescence 
luminescence and luminescence analysis) Minsk, 10-15 Sept. 1962. 
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with the frequency W. Y(r) is the pol 


erizgeti 
energy of the ground state, and 5_ is the ene : 


7,0) is the probadility, per unit of tine, of 


orr 
energy E, + ao and ese is the pola 


spatial dispersion is determined oy 2/a where 
radius of the kernel of polarizability and « 
light. The spatial dispersion of the 
corresponds to the polarization causes oy 
with sin dl tnat these two variants (iccal a 


considerably from one another. There is ao sharp ss 
for impurity states with large radius or with +oca RUSE Leos e 


In the case of spatial dispersion of the non-iotal 
excited gtates causing polarization iiust beiong to the quas.-conul. OG 

> a ‘ : 
spectrum and R(8)/a21 must hold. This condition 3 


as \}i(% [ne where 1(3) « ak/[im(3) (808) )) Ke anfAs iff fac ehe 
lifetime of the excitons with respect to the pelea ons t>? “Ae energy 
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AUTHORS : Broude, V. L-, Mashkevich, V- Se» Prikhot'ko, A. Fes 
prokopyuk, N. F. and Soskin, M. S. 


TITLS: Possibility of obtaining induced radiation in systems with 
electron vibrational levels 


PERIODICAL: Fizika tverdogo tela, ve. 4, no- 10, 1962, 2976-2978 


TEXT: A possibility of obtaining negative temperatures and induced 
radiation in a four-level scheme of molecular systems is discussed. 
scheme (Figure) consists of the ground state (1), @ vibrational level of 
the electron ground state (2), the first excited electron level (3), and 
the totality of all higher levels (4). 1-4 is @ transition due to light- 
quantum absorption, 4-3 a radiationless transition, 3-2 the transition 
used for obtaining the induced radiation and 2-1 again a radiationless 
transition. The lifetimes of the radiative transitions are 


t ~107! - 107? sec, those of the radiationless transitions are Me qo. 


T, has to be small for obtaining the induced radiation. Generation of 
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coherent induced radiation begins if ns-n,2 Ox ev AVE IR where Aon, are 


i the mean numbers of molecules in state 2 or 3 Per unit volume, v is the 
wave number of the 3-2 transition, .D the halfwidth, RK the reflection 
coefficient of the resonator mirror, 1 ig the length of the sample, and 
o ia the lifetime of State 3 with respect to the 3-2 transition. 


ny 4(K.N, where U is the lifetime of state 
transitions to lower States, K is the mean absorption coefficient on the 
region of the 1-4 transition, ‘Nis the number of states 3 produced from 


{ One state 4, and N is the number of pnotons of the optical excitation 
: 1-4 per unit of time and per unit of surface area. Numerical estimates 


i for the anthracene molecule are presented. For Kea2 cm! 


3 with respect to all other c 


’ = 1, 


T = 3°107 Fg 0¢ and re 2 107! sec one obtains N « 4210° ‘ce? cnec™' Which can 


be realised by means of an U9K-2000 (IFK-2000) pulsed lamp. If besides 
Cy tye noXn,, N will depend on Gre not on T’alone. This makes it 


Possible to draw conclusions as to the most effective for 


m™ of luminescence 
Spectrum to obtain. induced radiation. aA system of layers of dielectric 
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coatings with a certain R(vs) dependence allows of annihilating al) 
induced radiation frequencies other than &@ chosen one, where R has a 
Peak. Thus such a system can be used as an “"antifilter". There is 1 
figure. The aost important English-language references are: ¥W. Kaiser 
et al. Phys. Rev., 123, 765, 1961; B.C. Brock et al. J. Chen. Phys. 


' 35, 759, 1964. 


ASSOCIATION: Institut fiziki AN USSR, Kiyev (Institute of Physics 
AS UkrSSR, Kiyev) 


SUBMITTED: June 6, 1962 


CIA-RDP86-00513R001032710020-5" 


APPROVED FOR RELEASE: 07/12/2001 


"APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R001032710020-5 


Game SOMME Dd) SEN GES RS Pech cs cere RLS Ene AVENE STN EME OTS EM - EET EES aS aid MPAA es Sa SRD ee SRL ST aoc Oe BE EEE Ot 


a 9 
3/181 
Possibility of obtaining induced ... mR Aaa 
Fig. oe 
aad a7 
' 
Card 4/4 


APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R001032710020-5" 


“5 
fog iad ees te cote pO ee 


ok 


sg x ates ES 


"APPROVED FOR RELEASE: 07/12/2001 


3 Sipser APNEA EM 
= yen ates 
fe SAU ee eo ES PSE 
Bt fice ces tici ee 


t 


OSLER SERENE 


8/181 /62/004/01 1/034/049 


B108/B102 

AUTHOR: ~Mashkevich, y, 8. 

TITLE: Absorption and dispersion of light in the region of exciton 
Junctions 

PERIODICAL; 


Pisika tverdogo tela, v. 


Krezers-Kronig Trelations wh 


is emalj 
the width Of the exciton band. 
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ASSOCIATION: oo fiziki AN USSR, Kiyev (Physics Institute AS UkrSSR, 
Kiyev 


SUBMITTED: June 1, 1962 (initially) we 
July 3, 1962 (etter revision) 
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Bune eps B104/B102 
AUTHOR: Mashkevich, V. S. 
tials Bee 
TITLE: Electromagnetic waves in a medium possessing a continuous 


energy spectrum. Ill 


PERIODICAL: Zhurnal eksperimental'noy 4 teoreticheskoy fiziki, v. 42, 
no. 1, 1962, 135-143 


TEXT: The theory of electromagnetic waves ina crystal in the presence of 
spatial dispersion due to exciton states was applied to a number of 

problems in previous papers (ZnETF, 38, 906, 1960; 40, 1805, 1961). The 
solution of Maxwell equations for a nonconductive medium was presented in I. 
The propagation of perpendicularly incident waves through a plate (cubic 
oryetel) was examined in Il without allowing for birefringence. The 
birefringence due to spatial dispersion is now taken into account. Using 
results and symbole of the previous papers and assuming optical anisotropy 

for a cubic crystal, the following relations are obtained for the 

amplitudes of incident, reflected, and transmitted waves: xX 
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1—G2+F% i2G,, exp (— ihe!) 
: D, = 8, ——_——_—_ 


R, = é, a +c +iF,)* ’ a a? +4 rr + iF, . 


Fa = bay CG Marl + Fag 1B Mayle Ga = Fy / Sit Heal + faq / Sin %nel, 


fic %pg / he 
mt 1 = Oe — 08) / (RD 


are 


2 
f_, is obtained from fa4 by permutation of subscripts 1 and 23 1,2 


—————— 


the roots of the equation ~ 1, yy + 4np) + Bikax? — rie t) = 0, 
B = 4nyL"1|P_, P(E (0, a+) — Eol/ Aw, 
B= At/am., C= E, + hw —E (0,04), 
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where m_ denotes the eifective mass for the direction ke, perpendicular to 
n 
the plute; B allows for the local part of polarization; Ke is the root of 
: 2 Le 
the equation ‘4k -ity - = Oo If m, and no aiffer noticeably, 


birefringence will take place. The penetration of a plane-parallel plate 
by a Wave incident at an arbitrary angle is considered. Restricting 
oneself to a semi-infinite crystal, the following generalized Fresnel 
formulas are obtained: 


fra Hig — exp (2m) fie fea ‘ 


= ——="Tt hr nr eee ' i 
Ry = Bw — Hig Fog + expla) fie fan 
“oe (14). 
Dy = —~ 8240s M 4% 4 exp [i (aq — fos) £1 x 
Pr Pa Po 


x1 AS Re + exp (2D Ne fat. . 
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The longitudinal components of the electric field of a light wave are 
caleulated, and the results are compared with the corresponding results 
¢ 8. I. Pekar's theory (ZhETP, 34, 1176, 1958). The latter is criticized 


+n connection with the case of oblique incidence of a longitudinal and a 


-panaverse wave field. There are 11 references: 10 Soviet and 1 non- 
sj viet. 


2. LOCIATION: 


Kiyevskiy politekhnicheskiy institut (Kiyev Polytechnic 


Institute) 


at. ITTED: April 25, 1961 
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1032-1035 5 '63. 
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tical properties of a three-level] systen 
ae is cere aden, Ibid, 21035-1038 (MIRA 1728) 


1, Institut fisiki AN UkrSSR, Kiyev. 
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| AUYHOR: Mashkevich, V._S.; Strashnikovas Ms i ey ae 
| TITLE: possible manifestation of additional waves in the reflection of light from | 
erystals ! 
. LEH : 
SOURCE: Ref. zh. Fizika, Abs 
REF SOURCE: Tr. Komis. po spektroskopii. AN SSSR, t. 3, vyP- 1, 1964, 448-453 


ide 
TOPIC TAGS: light reflection, exciton absorption, refractive index, cadmium sulf 


that usually the manifestation of additional light waves 


stal has been considered only in con- 
sorption of the cry regres ae ; 


onal ially 
hen ee pes case when the refractive 4ndices of the two waves satisfy the relation 
c 


Then f the re- 
additional wave can greatly influence the phase 0° 
pha io De tae ental is considered as an example. (Translation of 
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ACCESSION NR: AP4041706 $/0181/64/006/007/2037/2046 
AUTHOR: Vinetskiy, V. L.; Mashkevich, V. S.3; Tomchuk, P. M. 


TITLE: Theory of stationary radiation induced by interband transi- 
tions 


SOURCE: Fizika tverdogo tela, v. 6, no. 7, 1964, 2037-2046 


TOPIC TAGS: laser effect, laser emission, laser pumping method, 
stimulated emission, transition frequency 


ABSTRACT: A kinetic equation method developed by the author for the 
analysis of stimulated emission (UFZh v. 8, 918, 1963) is used to de-’ 
termine the parameters of the singular modes at which laser action 
can be achieved. These parameters are then used to determine the 
threshold value of the pump signal. It is assumed that only direct 
transitions are effective, the electron and hole bands are spherical, 
the electrons and holes have equal effective masses, each band is in 
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ACCESSION NR: AP4041706 


statistical equilibrium, and the system is spatially homogeneous. 

It is shown that an important factor in the feasibility of laser ac- 
tion is the spacing of the singular modes, and monochromatic emission 
is possible in principle if the spacing is large. Future plans call 
for investigations of induced emission for systems with impurities 
and the use of x-rays or gamma rays for pumping. Orig. art. has: 

56 formulas. 


ASSOCIATION: Institut fiziki AN UkrSSR Kiev (Institute of Physics, 
AN UkrSSR) 


SUBMITTED: 24Feb64 ATD PRESS: 3076 ENCL: 00 


SUB CODE: EC, SP NR REF SOV: 004 004 
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MASHKEVICH, V.3. [Mashxevych, v.35. J 
| Laser with two types oF active centers. Jir, fiz. zhur. 4 nell: 
1260-1263 11 '64. 


1. Institut Ciziki A: Uxrgii, dlyove 
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ACCESSION MR. AP412027 $/0185/6%/009/001/0014/0025 
AUTHOR: Buryakiva'ig*y, @. Yu.; Mashkevy*ch, V. S. 
pene LE OT seid 


TITLE; Theory of stationary radiation of a homogeneous systea in a multinode 
resonator. 1. Dependence of radiation on the swing 


‘SOURCE: Ukreyins'ky*y fisy*chny*y shurml, v. 9, no. 1, 1964, 14-25 


- FOPIC TAGS: laser, maser, resonator, resonator zode, laser theory, swing, multi- 
mode resonator, kinetic equations 


‘ABSTRACT: ‘The present work was undertaken to solve the problen, in laser theory, 
of determining the modes at which generation should occur. In previous work by 
one of the authors it was shown that, by using the method of kinetic equations, a 
’ wumber of true results can be obtained in the case of a stationary rezize; he 
‘succeeded in investigating nonlinear properties during weak swings and in proving 
the existence of a sharply expressed threshold of generations. In doing so, a 
large number of modes and, since the field was considered in a quantus mechanical 
sense, spontaneous radiation were consistently taken into account. The present 
work continues the. investigation. Using the method of kinetic equations the 
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authors develop the theory cf the stationary radiation of a homogeneous system in a 
resonator where there is a great number of resonator modes within the width of the 
radiation line. (Because of the extreme complexity of the problen of heterogeneous 
systems, investigation of homogeneous systens is a necessary step, even though it 
must still be determined whether @ laser can be ponsidered a homogeneous systen.). 

' Tae finding that the intensity of radiation of the resonator node is a function of 
1 the swing in regions of weak and strong swings is a real step forward which per- 

© mitted obtaining very detailed information on the properties of the system and the 

. waddation. It is shown that if the nunber of modes at which considerable genera- | 
= ,tdon of induced radiation occurs 4s sal] in comparison with the full number of 


“modes, there 1s a pronounced threshold value of the swing. ‘the width of the 
'. ; threshold region is found. Orig. art. has 85 formulas. ; 


. | ASSOCLATIONs Insty*tat fisy*ky* AN UkrRSR, Kiev (Institute of Physics, All uernsa) ~ 
 SUEMITISD: O8May63 DATE 100: 14 Feb64 " -RSCL1 00 
! | ---—" WO REF SOV: 002 
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' * AUTHOR: Mashkevytch, ¥. S. 


————— 


" TITLE: Radiation of the second optice! harmonic 
SOURCE: Ukrayins'kyty fizytchnyty zhurnal, v. 9, no. 2, 1964, 226-229 


TOPIC TAGS: electrodynamics, laser, quentum mechanics, crystal radiation, optical 
harmonic, perturbation analysis, combinetorie! scattering, phonon 


ABSTRACT: The high power levels obtained from present day lasers create condi- 
tions favorable to the generation of the second optical! harmonics in crystals. 
The classical theory of electrodynamics Is not applicable because of relatively 
high second harmonic power levels end because the reverse process, i.e. recombinae 
tion of the second harmonic radiation to give the fundamental frequency, is non- 
singular (1 quantum of the second harmonic radiation ylelds 2 quanta at the fundae 
: mental and vice versa). Hence, # quantum mechanical enalysis becomes necessary. 
The simplest model, having only.one mode at the fundemente! frequency and one mode 
at the second harmonic, Is essumdd. For @ stetlonery systen, with spontaneous 
radiation et the second hermonic frequency, the condition under which the second 
harmonic radiation saa di becomes approximately 100% is 
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where @, and Go ere losses associated with the ectua! propagetion modes of the 
fundamental int the second harmonic components, respectively. The inequality (1) 
assumes very large values of N,, the pump level et the frequency and the mode of 
the fundamental component. if q, Is the number of quanta in the fundamental mode 
and if q, >> | then the assumption of large W; simplifies to: 

“1B (2) 
where 8 fs the probability of transition of two quanta of the fundamental mode 
into | quantum of the second harmonic mode. Thus, when the basic inequality (1) 
is satisfied and when the external losses at the second harmonic fréquency are 
low, the pump levels which satisfy (2) give~!. The classical approach gives 
the erroneous answer that zz! can be achieved independently of the values of 


@ and a2. Perturbation analysis of the spontaneous stationary system with the 

above assumptions shows that it Is stable. When the refractive indices at the 

fundamental and second harmonic frequencies ere equal, a maximum transition proe 

bability 8 regylts "4 for some realistic parameters, the inequality (2) gives 
sec”. 


N,>> 0.5 x 10 This level ts echievable with ruby leser radiation. it is 
the author's opinion thet velues hy Fa | were not achieved until now because the 
basic requirement es expressed by Inequality (1) was not understood and not ful 


filled. Examination of en induced rediation system shows thet the retion of 
s hermonic is enelogous to combinatorial scattering. The basic diffie 
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culty arises from the fact that the coherency volume is llalted by the free path 
length of @ phonon, Indicating the requirement of low temperatures for induced 
generation of the second harmonic. Orig. ert. hess 25 formuiles. 
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_ ORG: Institute of Physics, Academy of Sciences Ukrainian SSR (Institut fiziki Akademii 
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| TITLE: Role of light absorption by free carriers in a semiconductor laser oe : 
| SOURCE: Zh eksper i teor fiz, v. 50, no. 5, 1966, 1410-1414 + 


| TOPIC TAGS: light absorption, tusmedtienm, charge carrier, semiconductor | 
| laser, carrier density, laser emission, photon, exciton, laser pumping 
ABSTRACT: The authors present a consistent analysis of the interaction between 
radiation and the medium in a semiconductor laser whose characteristic parameters 
without allowance for absorption by free carriers were determined by them earlier 
(FtT,v. 6, 2037, 1964). It is shown that when absorption of photons by the free car- 
riers is taken into account, the kinetic equation for the radiation-medium system can 
have three solutions corresponding to different carrier densities. Only two are 
stable and only one of these gives stable laser emission. The analysis is restricted 
to the simplest case of interband transitions in an impurity-free semiconductor, neg- 
lecting the binding between the carriers and the excitons, although the latter assump- 
tion turns out to be in disagreement with the actual physical situation. The stable 
laser solution is obtained in the case of weak absorption by the free carriers, and a 
criterion for the realizability ~f this solution is derived The threshold pump ener- 
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OC 
gies of the different solutions are found. The second stable solution, which does not! 


correspond to a laser mode, and the unstable laser solution, occur when the carrier | 
density is high, so that the screening of the electron-hole gas becomes appreciable. ; 
The results indicate that when attempts are made to obtain laser action in a semi- 
conductor by applying excessive pump power, there is the danger of producing condi- 
tions corresponding to one of the additional solutions. This is borne out by some 
recently published data (G. Burns and M. J. Nathan, Proc. IEEE, 52, 822, 1964). Orig. 
art. has: 1 figure and 20 formulas. (02) 


SUB CODE: 20/  $SUBM DATE: O7Dec65/ ORIG REF: 007/ OTH REF: 002/ ATD PRESS: 


APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R001032710020-5" 


_BPPRONED FOR cee pel ate rc SUT RDRee: DOatoRIesOs 2720020: 5 


L 49861266 EWT(1)/SEC(k)~2/T/EWP(k) JP WG/GD i 
(“Kec NR AT6015142 SOU RCE cope. UR/0000/66/000/000/0214/0227 
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|ORG: Institute of Physics, AN UkrSSR (Institut fiziki AN UkrSSR); Institute of 
\Semiconductors, AN UkrSSR (Institut poluprovodnikov AN UkrSSR) 


‘TITLE: Theory of laser 7 dameaais from impurity -band sransitions 


SOURCE: Respublikanskiy seminar po kvantovoy elektronike. Kyantovaya elektronika 
ioe electronics); trudy seminara. Kiev, Naukova dumka, 1966, 214-227 
|TOPIC TAGS: laser, solid state laser, semiconductor laser, laser theory 5 LASER. 
RADIATION, IMPURITY BAND 
ABSTRACT: The semiconductor laser operation based on radiative transitions of 
current carriers from impurity-band state to bound state is examined by the method — 
lof kinetic equations. A semiconductor having M identical impurity centers witha : ad 
level in the forbidden band is considered. Pumping drives the electrons from the 
lyalence band into the conduction band. Electron-hole recombination takes place at 
levels. Hole capture by an impurity level is accompanied by radiation of a photon. 
IKinetic equations and a neutral-condition equation are set up. Solutions for the case 
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of acceptor and donor centers (Boltzmann distribution and strong degeneration in the 

jhole band) are given. Absorption by free carriers is allowed for. This special 

feature of the impurity-band laser is noted: In some cases (medium pumping), 

populations of m, p, n levels and generated frequency vary when pumping produces @ | 
lhigher-than-threshold number of electrons (holes) ? ; the number of quanta radiated* : 
iby the special mode per unit time increases with pumping in a slower-than-linear 

‘manner; this deviation from linearity is pronounced with > approaching P thresh (m | 

lis the number of electrons at impurity levels; p is the number of holes in the valence | 

band; n is the number of electrons in the conduction band). This feature is due to the! 
absence of thermal equilibrium between the impurity and the band. Orig. art. has: 

2 figures, 80 formulas, and 2 tables. 
| 
| 
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TITLE: Method of kinetic equations in the theory of generation of optic harmonics 


SOURCE: Respublikanskiy seminar po kvantovoy elektronike. Kvantovaya elektronika. 
(Quantum electronics); trudy seminara. Kiev, Naukova dumka, 1966, 34-76 


idans TAGS: laser theory, solid state laser, kinetic equation 


|ABSTRACT: 1. Deduction of kinetic equations from a density-matrix equation for the: 
ee of generation of the second optical harmonic. Only stationary conditions of 
generation and only the process of frequency summation are considered. The 
analysis is made in the first nonvanishing approximation of the disturbance theory; 
contribution of multiphoton processes is neglected. The kinetic equations are: 
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Applicability of these equations to near-stationary conditions of generation is briefly | 
discussed. 2. Generation of the second harmonic in a plane-parallel slab. It is 
clarified which field vector potential should be used for calculating the nonlinearity B 
in the above kinetic equations. In each particular case of solving the kinetic 
equations, construction of orthonormalized solutions of the Maxwell linear equations 
is required. Kinetic equations and total-quanta-number equations for the second- 
harmonic generation in the slab are derived. From them, this formula for efficiency 
Ga (ey +25) arn gg’ + 92) 

Nia, y N 
transmitted and reflected light dependent on the angle of incidence (formula given) is 
convenient for determining the degree of agreement between the calculated and 
observed data. 3. Line shape in the second-harmonic generation with a specified 
pumping at fundamental frequency. The above generation case is also used ior 
investigating the line shape. An integral equation describing the time shape is 
solvable only in two particular cases: (A) Gaussian curve (weak and strong 
generation regions); and (B) Lorentzian curve (weak generation). 4. Second- 
harmonic generation in the laser resonator. The harmonic generation depends on the >— 
nonlinearity B, photon density q, in the beam, and the loss ratio at fundamental and 
harmonic frequencies. Hence, an efficient harmonic generation can be achieved by 


. The second-harmonic intensity in the 
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placing the nonlinear crystal into the laser resonator. The generation efficiency is 
equal to a ratio of the harmonic power to the dominant-mode-plus-harmonic power: 


ag2hen gs i 20,89, : , 
= Slee ethos = aaEha Ghee ce To find the effect of laser pumping 


,on the harmonic efficiency, the dominant-mode equation is solved for these cases: 
\(A) The near above-threshold pumping region for which this condition holds true: 


| (a5, (m, — 0") — 2BB, n"}* > 8BB, B, a" a, (m, — a); (B) The pumping region in which this 
icondition is satisfied: [a,B,(m, —n'') — 2BB,n"}' < 8B, B,n"'a,(m,—a'!), (C) The strong | 
I 


d:(% B, (m, — nl!) — 2BB,n"}*>)8BB, a" a, (m, — 2"), 
m —a"< 0. 

5. Generation of the third optical harmonic. The kinetic equations, the law of 

conservation of the number of quanta, the line shape, and the efficiency of third- 

harmonic generation are discussed. Orig. art. has: 2 figures and 210 formulas. 


pumping region with this condition satisfie 
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daser xadistion. ( 
» Kiev, — 1966, 34 p. illus., biblio, (At head of title: Akademtya 
nexk Ves : SCL GUy 24 kd ,4,600 copies printed, 


TOPIC TAGS: quantum mechanics, laser theory, laser radiation, kinetic equation, 
luminescence center, semiconductor laser, optic dispersion 


“, PURPOSE AND COVERAGE: This book views a series of questions on the theory of lasers 


.|. generation of laser redistion in tions in luminescent centers, in verious 
transitions in semicondustars and in combination scattering. ‘The problem of stebi- 
“[ ity of stationary confiitions is analysed, andi the theory of gigantic pulses is 
| given, age gt se a aac 
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MATVEYEV, M.P., dotsent; VEL'TISHCHEV, Yu.Ye.; MASHKEYEV, A.K.; 
MOROZOV, A.I. Sn ee 


Study of glomerular filtration in children ty means of sodius 
thiosulfate and endogenous creatinine. Pediatriia no.8: 31-3 
62. (MIRA 15310) 


1. Is kafedry pediatrii (sav. - deystvitel'nyy chlen AMN SSSR 
prof. G.N.Speranskiy) TSentral'nogo instituta usovershenstvoveniya 
vrechey (rektor M.D.Kovrigina). 

(KIDMEYS ) (CREATININE) (SODIUM THIOSULFATE) 
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VEL'TISHCHEV, Yu.Ye.; MASHKEYEV, A.K.; MIRZOYEV, B.M.; BYKOVA, N.S. 


Method of determining inulin and sugar in the blood by means 
of the antrhone reagent. Lab.delo 9 no.33:30-% Mr '63, 

(MIRA 1624) 
1. Kafedra pediatrii (sav. - deystvitel'nyy chlen AMN SSSR 
prof. G.N.Speranskiy) TSentral'nogo ipstituta usovershenstvo- 
vaniya vrachey 1 laboratoriya akad A.@.Speranskogo pri 
ve vysshey nerwnoy deyatel'nosti i neyrofisiologii 


SSSR. 
(INSULIN) (BLOOD SUGAR) (ANTHRONE ) 


PRET Sau Ne aR Eee pT ret Sd SEES 
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